Extensive research has described the biological and optical characteristics of the macular pigment (MP) and has confirmed its composition and dietary origin. Epidemiological and intervention trials support the protective role of MP in the retina as well as its positive effects on visual function in healthy individuals in addition to patients with age-related macular degeneration (AMD). The amount of MP in the macula can be assessed by measuring a surrogate optical indicator, macular pigment optical density (MPOD). New evidence from recently published clinical trials and a European consensus roundtable have confirmed that MPOD can be increased by increasing the ingestion of lutein and zeaxanthin and that MPOD increase benefits macular health and visual function.
In 1945, Wald reported that the macula lutea of humans and certain other primates contains a yellow pigment and suggested that this macular pigment (MP) was a carotenoid. By analysing the spectral sensitivity of the human foveal and peripheral photoreceptors, he estimated the light absorbed/transmitted by the macular pigment, and used the term macular pigment optical density (more recently associated with the acronym MPOD). At the same time he observed a great variation in the intensity of macula pigmentation among subjects -from foveas with no perceptible pigmentation to very intense coloured ones. 1 Research conducted in recent decades has confirmed that the MP is composed by three distinct carotenoids lutein (L), zeaxanthin (Z) and meso-zeaxanthin (MZ). 2, 3 MP reaches highest concentration (per mm 2 of tissue) at the centre of the fovea decreasing rapidly with distance from the epicentre.
The concentrations of L, Z and MZ also vary with eccentricity -in the adult retina, while the three macular carotenoids are present in similar concentrations at foveal centre, as the eccentricity from the fovea increases, lutein becomes the predominant pigment with a decreasing amount of Z, and with MZ, approaching undetectable levels. 3 The role of the MP in the human eye is well described and is based on the biological and optical characteristics of its main components. [4] [5] [6] [7] It acts as an antioxidant by quenching reactive oxygen species and as a filter for damaging high energy/short-wavelengths of visible light (blue light). These functions support the protective role of the MP in the retina, a tissue particularly susceptible to oxidative stress and the more recently explored beneficial effects on visual function.
Macular Pigment Optical Density and the Diet
Studies conducted in monkeys raised on a xanthophyll-free diet from birth have shown that the macular pigment is of dietary origin and that L and Z supplementation can replenish the macular pigment. Moreover, those results indicate that, while the accumulation of L and Z in serum and retina stems from the ingestion of these two xanthophylls with the diet, MZ originates exclusively from the conversion of L in the macula.
MZ is not present in serum. 8, 9 Additional observations conducted in thesexanthophyll-free animals indicate the presence of drusen in the pigment epithelium. 8 A recent publication addressed the effect of acute blue-light exposure in xanthophyll-free animals lacking the macular pigment in comparison to control animals fed stock diet containing xanthophylls. 10 The presence of the macular pigment rendered control animals less susceptible to blue light-induced damage in both the fovea and parafovea although more damage was observed in the parafoveal area than in the fovea. A study performed in 800 healthy Irish subjects to assess MP in relation with other risk factors for age-related maculopathy (ARM)
reported a statistically significant age-related decline in MPOD. It also showed a relationship between low MP levels and current and past smoking as well as with individuals presenting a family history of ARM. 15 Additional observations in healthy subjects showed that individuals presenting higher MPOD had less glare discomfort and faster recover from photo stress. 16, 17 Intervention trials conducted in AMD patients or in healthy subjects have confirmed that supplementation increases MPOD and improves visual function.
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Measuring Macular Pigment Optical Density
The fact that the density of the macular pigment can be increased by increasing the consumption of L and Z coupled with the reported eye benefits associated with the intake of these xanthophylls suggest the importance of assessing whether adequate levels of these two macular carotenoids are regularly consumed and deposited in the eye. Visual Acuity (VA), however no statistically significant differences
Nutritional Health • MPOD measurement is of value for:
• Healthy individuals at risk for AMD
• Patients during supplementation of lutein and other carotenoids
• Anyone interested in good vision
• Older population (50+ or even the entire 40+ "healthy" population) in connection with assessing visual parameter important for driving and reading
MPOD and Lutein
• MPOD can be increased by a proper diet or supplementation
• Beneficial effect of supplementation with macular xanthophylls is strong • Changes in morphology are possible: drusen may be reduced.
Patients may improve visual function (visual acuity, gIare disability, contrast sensitivity)
MPOD and Visual Function in Healthy Individuals
• Assessing visual function to the highest possible standard is important in healthy individuals (and AMD patients):
• There is the need to evaluate visual performance beyond visual acuity.
Contrast sensitivity at night and glare recovery have to be tested too.
• Increased MPOD-associated with a diet that is high in lutein and zeaxanthin -contributed to better visual performance
• Healthy individuals also benefit from increased MPOD:
• Optical and antioxidant benefits: they can enhance their visual function by improving contrast sensitivity and reducing glare disability. In addition supplementation and the associated increase in MPOD levels will protect the retina for later years too been published in a Continuing Medical Education (CME) publication issued in German speaking countries 25 and a summary booklet.
26 Table 1 shows some the main point of consensus achieved.
Final Remarks
Scientific evidence supports the importance of MP in eye health. A relationship exists between MPOD and visual function. The MP is entirely of dietary origin; its optical density varies depending on the dietary intake of L and Z and can be raised by increasing consumption, via diet and/or supplementation. Considering that the average dietary intake of these two macular carotenoids in western countries 27, 28 is well below the amount found to be associated with both a reduction in AMD risk and benefits in visual function, it seems important to introduce MPOD measurement into clinical practice in order to detect potentially low MPOD levels, assess age-or disease-related MPOD changes over time and induce, when needed, practitioner-recommended dietary changes in favour of a higher regular intake of L and Z. n
